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Abstract. Nanopowders (particle size of about 7-14 nm) of yttrium oxide doped with cerium 
ions with concentrations of 1, 5, 10 at.% have been synthesized by laser ablation of the target. 
For the first time in the world the cerium concentration of 10 at.% in the yttrium oxide lattice 
has been obtained. Their morphology, structure, and scintillation properties have been 
investigated. No significant cathodoluminescence of the activator in the Ce3+ state has been 
detected in the powders, and X-ray luminescence was completely absent. Presumably, the 
cerium ion is in the nonradiative state of Ce4+. 
1. Introduction
Ceramic materials research continues to evolve around the world. Moreover, one of the main 
advantages of ceramics is the possibility of doping a large number of active centers [1] with 
concentrations up to 30 at.% [2], which is not achievable in single crystals, where the threshold does 
not exceed 1 at.%. 
One of the applications of ceramics is their use as scintillators. Yttrium aluminum garnet doped 
with cerium ions is a well-known and well-established scintillation material. Previously, this material 
was already synthesized and examined by the authors. So, for example, we have already demonstrated 
the relative light yield surpassing its analogues for single crystals and making up 32% of one of the 
CsI-Tl reference scintillator (light output 20800 photon/MeV) at the cerium concentration of 1 at.%, in 
our paper on the synthesis and characterization of the optical-luminescent properties of Ce3+:YAG 
ceramics with different Ce concentrations (0.1 - 5 at.%) [3]. In addition, an increase in the speed of the 
scintillator was recorded (from 110 to 26 ns) with an increase in the concentration of cerium activating 
ions (from 0.1 to 5 at.%). It can be assumed that a further increase in the concentration of cerium ions, 
for example, up to 10 at.%, will lead to even greater speed. The authors believe that this is possible, 
and this is due to the concentration quenching effect. 
Due to its unique scintillation properties, Ce:YAG is used as an X-ray and soft gamma-ray detector 
[4, 5]; it is characterized by high efficiency, mechanical and thermal stability. At the same time, there 
is a problem of correct registration of short (ns) X-ray radiation pulses and measurements of dose 
loads [6], which (pulsed radiation) are increasingly used in science and technology as more effective 
(Decreasing the dose load on people or inanimate objects by tens of times, reducing by times the mass 
and size parameters of X-ray sources). It is planned to solve this problem by synthesizing a new 
ceramic material based on yttrium aluminum garnet. 
At the first stage of research, it is necessary to obtain and characterize nanopowders of the 
corresponding composition, which are needed in the synthesis of Ce:YAG ceramics. For a 
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comprehensive study and construction of the corresponding physical and mathematical model in the 
future, three compositions of 1, 5, 10 at.% Ce:Y2О3 nanopowders were chosen. 
Thus, the aim of this work is to synthesize and characterize Y2O3 nanopowders doped with cerium 
ions with 1, 5, 10 at.% contents of the latter for the synthesis of new high-speed ceramic Ce:YAG 
scintillators for detecting nanosecond X-ray radiation pulses. 
2. Experimental 
Yttrium oxide nanopowders doped with cerium ions with concentrations of 1, 5, 10 at.% were 
synthesized by laser ablation of a solid porous target [7]. The cerium concentration of 10 at.% in the 
yttrium oxide lattice was obtained for the first time in the world. This method makes it possible to 
distribute the dopant evenly in the main material still at the synthesis stage, whereby it is immediately 
incorporated into the lattice of the main material. In this case, cerium ions replace yttrium ions. 
The synthesized nanopowders were studied using a JEOL JEM 2100 (JEOL Ltd., Japan) 
transmission electron microscope (TEM). The specific surface area of powders (BET analysis) was 
determined by an automated gas adsorption analyzer (TriStar 3000, Micromeritics Instrument 
Corporation, USA). The structures of the sintered nanopowders were determined by X-ray diffraction 
(XRD) on copper radiation (CuKα, λ = 1.542Å) with the graphite monochromator on a secondary 
beam (D8 Discover GADDS, Bruker AXS, Germany). The processing of the XRD results was carried 
out via the full-height analysis program named TOPAS 3. 
The pulsed cathodoluminescence (PCL) and X-ray luminescence (XRL) of powders were measured 
both immediately after their laser synthesis and after their transformation in the main cubic phase at 
900°C for 3 hours in an atmospheric furnace. In addition, compacts fabricated from the obtained 
nanopowders by pressing at 200 MPa into disks (Ø14×3 mm) were examined. 
The luminescent properties in the range 220–850 nm were measured by pulsed cathodoluminescent 
spectroscopy method (PCL) using our own KLAVI setup (IEP, Russia) with the maximum electron 
energy in the beam of 180 keV, pulse duration of 2 ns, pulse repetition rate of 1 Hz, and electron 
current density of 120 A/cm2 [8]. The PCL spectrum was recorded in air at room temperature of the 
samples using a multichannel photodetector based on a CCD array combined with a diffraction 
spectrograph. The pulse X-ray luminescence (XRL) spectra were measured using an experimental 
generator of nanosecond X-ray radiation pulses consisting of two main parts: a high-voltage generator 
and a pulsed explosive-emission tube (IEP, Russia). The signal was measured using an experimental 
setup based on MicroFC 60035 photodiodes and a Tektronix TDS648 oscilloscope. Unique output 
characteristics of the used high-voltage generator (voltage amplitude up to 115 kV, pulse duration at 
half maximum up to 50 ns) require a special X-ray tube for operation as a source of pulsed X-ray 
radiation. The axially-symmetrical explosive-emission tube and a blade metal cathode were used in 
this case. The measurements were carried out with the X-ray radiation exposure of 1 s at the pulse 
repetition rate of 2 kHz. 
3. The Results and Discussion 
The morphological properties of the synthesized nanopowders were examined by scanning electron 
microscopy methods. For example, Figure 1 shows an image of the synthesized 1 at.% Ce:Y2O3 
nanopowder and the size distribution function of nanoparticles taken after counting 4000 particles. It 
can be seen that the particles have an almost perfect spherical shape (Figure 1a). From the particle size 
distribution (Figure 1b), we observe that the peak falls at 11 nm, and the average particle size is 7-14 
nm. The distribution lies in a very narrow range. Similar data were obtained for the other two powder 
compositions. 
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Figure 1. Transmission electron microscopy (TEM) images of 1 at.%Ce:Y2O3 nanopowders 
produced by the laser ablation method (a). Size distribution of the nanopowders (b). 
 
  
The structure of the powders was confirmed using X-ray diffraction analysis (XRD), the results of 
which are presented in Table 1. All powders have been obtained in a metastable monoclinic phase. 
The powder with the cerium content of 10 at.% stands out against the overall picture; it  has been 
found that it contains a second phase (cubic cerium oxide CeO2) with the content of about 3 wt.%. The 
presence of the second phase indicates that the cerium oxide has been unable to be incorporated into 
the lattice of the yttrium oxide in full, but has remained in the initial state partly. In addition, it is 
worth noting that, according to the same XRD results, the coherent scattering region (CSR) of 
particles decreases with the cerium concentration increase. 
 
Table 1. XRD results. 
Sample 
mon – Y2O3 (main phase) 
SCR, nm Lattice constants, Å 
1 at.%Ce:Y2O3 24±2 a = 13.921±0.007  b = 3.496±0.002  c = 8.614±0.005  β=100.19° 
5 at.%Ce:Y2O3 22±2 a = 13.91±0.02  b = 3.502±0.005  c = 8.62±0.02  β=100.28° 
10 at.%Ce:Y2O3* 20±3 a = 13.910±0.008  b = 3.510±0.002  c = 8.639±0.005  β=100.41° 
* The sample with 10 at.% of Ce:Y2O3 contains the second phase: CeO2 (Cerianite, cubic, content ≈3 
wt.%), SCR = 29±3 nm, a = 5.327±0.005 Å 
 
The results of the analysis of the specific surface area of particles (BET) show (Table 2) that the 
specific surface area increases with the increase in the concentration of the cerium activating ion, that 
is, the particle size decreases. This is also evidenced by the SCR data given in Table 1. This fact 
indicates that, when being incorporated into, cerium inhibits the growth of nanoparticles and distorts 
the yttrium oxide lattice, because their ionic radii are different: Y3+ (0.122 nm), Ce4+ (0.128 nm), Ce3+ 
(0.148 nm). 
 
Table 2. Characteristics of synthesized nanoparticles. 
 1 at.% Ce:Y2O3 5 at.% Ce:Y2O3 10 at.% Ce:Y2O3 
Specific surface area  
(BET analysis), m2/g 
50.5152 51.01128 52.7950 
Diameter of particles calculated 
upon BET data, nm 
21.83 21.62 20.89 
SCR (XRD), nm 24±2 22±2 20±3 
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Studies have shown that the PCL spectra of the powders and compacts are qualitatively similar to 







Figure 2. PCL spectra of compacts: monoclinic phase 1 at.% Ce:Y2O3 (a), cubic phase 
1 at.% Ce:Y2O3 (b), cubic phase10 at.% Ce:Y2O3 (c). 
 
In the spectral range 400–850 nm, the luminescence of the intrinsic surface center (bound radical 
Y-O) in the form of a system of narrow bands and a broad band with a center of about 500 nm has 
been observed in all spectra [8–10]. The band with a maximum at 350 nm, shown in Figure 2a,b, is 
emitted by self-trapped excitons (STEs), which are O-2 hole centers associated with the Y3+ vacancy 
[10]. The luminescence of these STEs has been observed only in the nanopowders with the cerium 
content of 1 at.%. Moreover, in the nanopowders of the cubic phase (Figure 2b), their luminescence 
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intensity increases by almost an order of magnitude, compared with the monoclinic phase (Figure 2a). 
However, with an increase in the cerium content, this band disappears from the PCL spectrum 
(Figure 2c), i.e. cerium helps to eliminate this defect. However, the luminescence bands of Ce3+ ions 
are absent in the PCL spectra of the nanopowders with different cerium contents. This situation may 
be due to the fact that cerium in the Ce:Y2O3 nanopowders is in the tetravalent state Ce4+, which is 
inactive in luminescence. 
Pulsed X-ray luminescence (XRL) of the powders and compacts of the monoclinic and cubic 
phases was not detected. It should be noted that the XRL is much weaker than the PCL, due to the 
smaller cross section for radiation-matter interaction. 
4. Conclusions 
The method of laser ablation of a solid porous target was used to synthesize Y2O3 nanopowders doped 
with cerium ions with the content of the latter 1, 5, 10 at.%. The yttrium oxide nanopowder with the 
cerium (Ce) activating ion content of 10 at.% has been obtained for the first time in the world. The 
obtained nanopowders are in a metastable monoclinic phase, have an almost perfect spherical shape 
and an average particle size of 7-14 nm. The second phase was detected in the powder with 10 at.% of 
Ce:Y2O3: the undissolved cerium oxide CeO2 in a cubic modification with a content of ≈3 wt.%. In all 
powders, the pulsed X-ray luminescence has not been excited, but the pulsed cathodoluminescence has 
been well excited. Its spectra for free and compacted powders have been similar. The intrinsic center 
luminescence bands of Y-O and STE type dominate in them, but no luminescence bands of the Ce3+ 
ions have been detected. Apparently, the cerium ion in Ce:Y2O3 nanopowders is in the tetravalent 
state, which is inactive in luminescence. Nevertheless, the obtained nanopowders can be used for the 
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